This article uses a dynamic CGE model to explain the persistence in the high levels of unemployment in the South African economy in spite of modest to relatively strong output growth. We make use of a historical simulation for the period 2006 to 2013 and find that the capital-labour ratio increased despite a relative increase in the rental price of capital.
Introduction
South Africa's rather puzzling unemployment problem has been well documented in articles and reports such as Pollin et al (2006) , Banerjee et al (2008) , Rodrik (2008) and Klein (2012) .
However, quantifying some of the factors and trends underlying the country's labour market problem remains a challenge. Over the period 2006 to 2013, the South African economy showed encouraging real growth, yet the number of employed persons increased only marginally, leaving the rate of unemployment around 25%. Rates of unemployment in the country's large stock of youth and low-skilled workers are particularly severe. In an attempt to better understand and quantify the factors that may have been responsible for employment growth not catching up with output growth, we analyse the South African economy, in particular its factor markets, within a general equilibrium framework, over the given period.
Specifically, we conduct our analysis using the University of Pretoria General Equilibrium Model (UPGEM) with the historical decomposition model closure developed by Dixon & Rimmer (2002) . This approach allows us to measure any shift in primary factor demand preferences that may help explain the phenomenon of persistently high unemployment in South Africa.
In addition to providing new quantitative analysis of trends in the primary factor environment, two ancillary benefits emerge from this research. First, we quantify various other trends in the macro economy such as trade preferences and technical changes that are useful for future baseline projections in UPGEM and second, is updating the model's underlying supply-use database.
The paper is structured as follows: Section 2 describes the UPGEM methodology. Section 3 describes the model closure for the historical analysis and summarizes the observed movements between 2006 and 2013. Section 4 presents the simulation results and Section 5 concludes.
Methodology
UPGEM is a recursive-dynamic computable general equilibrium (CGE) model of the South African economy. In this application of UPGEM we selected 2006 for the model's base year, based on the supply-use tables published in StatsSA (2008) . The theoretical specification of UPGEM is based on the MONASH model of Australia described in Dixon & Rimmer (2002) .
The model is implemented and solved using GEMPACK described in Harrison & Pearson (1996) with simulation results typically reported in percentage change format.
The specifications in UPGEM recognise each of the 33 industries in the model as producing one or more commodities, using as inputs combinations of domestic and imported commodities, different types of labour, capital and land. This multi-production specification is kept manageable by a series of separability assumptions, illustrated in Appendix 1. The nested production structure reduces the number of estimated parameters required by the model. Optimising equations determining the commodity composition of industry output are derived subject to a CET function, while functions determining industry inputs are determined by a series of CES nests. At the top level of this nesting structure intermediate commodity composites and a primary-factor composite are combined using a Leontief or fixed-proportions production function. Consequently, they are all demanded in direct proportion to industry output or activity. Each commodity composite is a CES function of a domestic good and its imported equivalent. This incorporates Armington's assumption of imperfect substitutability for goods by place of production (Armington, 1969) . The primaryfactor composite is a CES aggregate of composite labour, capital and, in the case of primary sector industries, land. Composite labour demand is itself a CES aggregate of the different types of labour distinguished in the model's database. In UPGEM, all industries share this common production structure, but input proportions and behavioural parameters vary between industries based on base year data and available econometric estimates, respectively.
The demand and supply equations in UPGEM are derived from the solutions to the optimisation problems which are assumed to underlie the behaviour of private sector agents in conventional neo-classical microeconomics. Each industry minimises cost subject to given input prices and a constant returns to scale production function. Zero pure profits are assumed for all industries. Households maximise a Klein-Rubin utility function subject to their budget constraint. Units of new industry-specific capital are constructed as cost-minimising combinations of domestic and imported commodities. The export demand for any locally produced commodity is inversely related to its foreign-currency price. Government consumption and the details of direct and indirect taxation are also recognised in the model.
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The recursive-dynamic behaviour in UPGEM is specified through equations describing: physical capital accumulation; lagged adjustment processes in the labour market; and changes in the current account and net foreign liability positions. Capital accumulation is specified separately for each industry and linked to industry-specific net investment in the preceding period. Investment in each industry is positively related to its expected rate of return on capital, reflecting the price of capital rentals relative to the price of capital creation. For the government's fiscal accounts, a similar mechanism for financial asset/liability accumulation is specified. Changes in the public sector debt are related to the public sector debt incurred during a particular year and the interest payable on previous debt. Adjustments to the national net foreign liability position are related to the annual investment/savings imbalance, revaluations of assets and liabilities and remittance flows during the year. In policy simulations, the labour market follows a lagged adjustment path where wage rates respond over time to gaps between demand and supply for labour across each of the different occupation groups.
Despite the complex and large-scale structure of UPGEM, an intimate knowledge of CGE modelling is not necessary in order to understand the results from this paper. In a typical general equilibrium model, we find a set of equations with naturally endogenous variables, including various prices and quantities, and naturally exogenous variables representing various preference or technical changes, the positions of demand or supply curves, etc. Since As noted in , historical simulations have become one of the main sources of statistical validation in CGE modelling and has been successfully used in studies such as Boratynski (2012), Dixon & Rimmer (2010) , Giesecke & Tran (2009) and Mai (2007) to uncover interesting trends in unobservable variables. Readers interested in more of the technical details regarding the historical closure, or indeed the structure of large-scale CGE models, are encouraged to consult Dixon & Rimmer (2002:233-277) and .
Observed Movements from 2006-2013
As noted, we use a historical model closure to conduct our analysis of the South African economy for the period 2006 to 2013. This requires us to provide the model with the relevant historical data for this period. Table 1 shows the variables in our model with explicitly assigned non-zero exogenous year-to-year movements based on available historical data.
Pseudo-exogenous variables, that is, variables whose net change in any given period are determined by the exogenous variables, are shown in italics. Table 2 4.0 2.9 0.9 4.9 7.0 9.1 13.5
Note: Pseudo-exogenous variables -that is, variables whose net change in any given period are determined by the exogenous variables -are shown in italics.
Source: SARB, StatsSA, National Treasury, Eskom, *UPGEM simulation results.
Apart from the main macro variables, Table 1 and 2 also show industry variables in the gold and electricity sector that were exogenously assigned their observed values. Both these industries are of special importance to the local economy. Despite falling output levels, South
Africa remains one of the leading gold producers in the world, yielding significant export revenues. The electricity sector in South Africa is heavily regulated through the state-owned enterprise Eskom. Since 2007 and the commencement of Eskom's New Build Programme, electricity prices have increased significantly in order to reach a cost-reflective level (Eskom, 2013) . By combining available price and output data for these sectors, we are then able to endogenously estimate changes in productivity and shifts in demand curves required to reconcile these observations with relevant elasticity parameter values in the model. Figure 1 and 2 displays the same information as Table 2 The most interesting observation that emerges from the data is the relative increase in the use of capital relative to labour (see Figure 1) , despite increases in the relative price of capital rentals (endogenously determined here) to wages (see Figure 2 ). In the following section we discuss the solutions to various endogenous variables that help explain this apparent contradiction.
Endogenous Results for the Historical Simulation: 2006-2013
Given the choice of closure and 'historical' exogenous shocks to the model over the observed period, UPGEM determines the movement in a large number of endogenous variables. Table   3 and 4 show the endogenous variables most relevant to our analysis of the selected macro and industry observations in Section 3, relative to movements in overall factor productivity, preference twists between domestic and imported commodities used by industry, shift's in the rest of the world's demand for our exports and preference twists between capital and labour reflecting changes in industry technology. We also show productivity change in the gold industry. Results in Table 3 are shown as annual percentage changes and in Table 4 as cumulative percentage changes. The most striking result from our historical simulation relates to the changes in primary factor composites, that is, the combination of capital and labour, by industries. The historical data in Section 3 shows an increase in the observed capital-labour (K/L) ratio over the 2006 to 2013 period despite an increase in the rental-wage ratio (P K /P L ). Holding 'all other things equal', this result seems to defy conventional theory. To explain how the economy changed during this period to make this result possible, we introduce the concept of a cost-neutral preference twist from Dixon & Rimmer (2002; 2004) .
Explaining the Observed Capital-Labour Changes
To calibrate the increase in the K/L ratio with the historical increase in the cost of using capital relative to labour, a cost-neutral labour/capital preference twist, shown below as (TWLK), is introduced. Intuitively, the TWLK twist variable may be thought of as a variable capturing changes not explained by conventional substitution between capital and labour as a result of relative price changes.
Over the 2006 to 2013 period the model generates a cost-neutral twist in preferences by users of labour in the primary-factor composite. The positive value of 30.0 % generated for TWLK (twist_i) over the period, as shown in Table 4 , reflects this strong shift in preferences away from the use of labour required by the model to reconcile the seemingly incompatible exogenously given values of the K/L ratio and primary-factor prices in Table 1 and 2.
To explain this result we must look at the theoretical specification of TWLK within UPGEM.
Input demand equations by industries are derived subject to a CES aggregation function with substitution elasticities (σ) between primary factors set at 0.2. Setting σ≠1 in the linearized input demand equations allows cost-neutral preference twists (TWLK) accommodating exogenous historical data or forecasts in the primary-factor market to be introduced and converted into technical or taste changes. 1 Equations (E1) and (E2) show these linearized demand equations as they appear in the UPGEM model code.
Following the UPGEM notation, cap and lab represent the percentage change in industry demands for capital (K) and labour (L), respectively. We note that in the absence of any change in output (z) and relative factor
. Thus, if the K/L ratio in UPGEM increases by 10 % beyond what is explained by relative factor price movements, then TWLK will equal 10. The twist is therefore equivalent to movements in a K and a L , the technical change associated with capital and labour, respectively, which satisfy equations (E3) and (E4).
We can further show that by implementing the twist via the technical change variables, we are in effect assuming that
With  below one, a positive TWLK value is equivalent to a cost-neutral capital-using technical change combined with a labour-saving technical change.
To provide additional insight into the composition of our K/L movements, we use the two 'back-of-the-envelope' equations shown in (E5) and (E6). 2 Assuming competitive conditions, the marginal products of capital and labour would equal their respective factor payments. In our exposition of (E5) we recognise that the marginal product of capital (F K ) is negatively related to the K/L ratio. In (E6) we recognise that the marginal product of labour (F L ) is positively related to the K/L ratio. In determining (E5) we assume that the rate of return on capital can be expressed as (Q/P i ) with Q the factor payment to capital and P i the price index for new investments. We then assume Q is determined by the value of the marginal product of capital, written as (F K *P y ). With (F K ) a function of the K/L ratio, and technical change (A) and (P y /P i ) a function of the terms of trade (TofT), we are able to summarise this relationship through equation (E5). In similar fashion, we are able to write (E6) linking the real wage (W/P c ) to the K/L ratio, technical change, and the terms of trade effect.
Given the implementation of our labour/capital twist via the technical change variables, we are now able to use our 'back-of-the-envelope' equations to help interpret the results for TWLK. In (E5), a preference twist affecting capital will therefore be transmitted via the technical change variable (A K ). In (E6), a preference twist affecting labour will similarly be transmitted via the technical change variable (A L ).
Our simulation results show strong primary-factor technical change in favour of capital and against labour between 2007 and 2013. This is reflected in the positive value of 30.0 % generated for TWLK (twist_i). We may equate this result to an increase in A K in (E5) which will decrease the marginal product of capital requiring a rise in the relative amount of capital used. For labour, this may be equated to a decrease in A L in (E6), which will increase the marginal product of labour requiring a fall in the relative amount of labour used.
This result suggests that industry technology on average changed to the extent that for any given ratio of the real wage to real rental price of capital, industries would choose a K/L ratio 30 % higher in 2013 than in 2006. This change may also be interpreted as a change in 'preferences' by industry for their primary-factor composite. More capital is now preferred relative to labour in the production process, all other things equal.
To find the exact reasons for the change in industry technology or preferences towards the use of capital requires further research. However, it is no secret that rigid labour market conditions and labour unrest do have an impact on South African firms' attitudes to hiring labour. The result also shows to what extent capital-labour substitution is possible.
With employment (emp_jobs) exogenous and capital growth (x1cap) linked to investment expenditure (x2tot) via the capital accumulation mechanism, the model shows that an economy-wide technical change (ff_a1prim) of 11.6 % occurred over this period. That is, the model calculates that a cumulative productivity increase of 11.6 % was required to calibrate the observed GDP figures with changes in use of capital and labour inputs. This is in line with international estimates that calculate productivity growth to be the largest contributor to economic growth.
Given the exogenous export demand (x4tot) and terms of trade (p0toft), a cumulative shift in the world demand for exports (f4gen) of 26.9 % is endogenously determined by the model. The shift in export demand reflects the general growth in the world economy and demand for locally-produced exports; consistent with the exogenous trade data. This result is equivalent to an annual average growth rate, or outward shift, of around 3.5 % in the export demand curve (f4gen) over the 7 year period. To explain this result, recall from Section 2 that the export-demand curve is downward sloping. A large shift in (f4gen) is therefore required for the model to reconcile the exogenously given increase in real exports (x4tot) of 2.6 % with the increase in the terms of trade (p0toft) of 18.1 %. The result reflects the assumed export demand elasticities in UPGEM of between 1.5 and 3 for all commodities. period, a cost-neutral twist in preferences by users to substitute imports of intermediates with local inputs in the local/import domestic mix of sales is generated by the model. The negative value of 20.7 % generated for the import/domestic preference twist (twist_c), as shown in Table 4 , reflects this shift in preferences away from the use of imports required by the model to reconcile the different exogenously given values of imports, exports and terms of trade in Table 1 and 2. One plausible reason for this shift may be attributed to changes in government procurement policies favouring locally produced goods.
Conclusions
South Africa's GDP growth and unemployment problems are well documented in the literature. This paper seeks to quantify some of the factors underlying the economy's weak labour absorption rate and employment growth that is far weaker than output growth. The results from the historical CGE simulation show that there has been a significant shift in preferences away from labour towards capital and that industry technology on average changed so that at any given ratio of the real wage to real rental price of capital, industries would choose a K/L ratio 30 % higher in 2013 than in 2006. Reasons for this shift in industry preferences away from labour, which helps explain South Africa's poor employment growth despite moderate real GDP growth, requires further research, but may point to the role of poor educational outcomes, skill shortages and the role of labour unions in costly, protracted industrial action protests.
Other findings include a slight improvement in overall primary-factor technical change, but a significant deterioration in productivity in the gold sector, perhaps as a result of the
